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Abstract Text - ABTX (1) : 

An improved dental procedure and 
apparatus where ultraviolet radiation 
pulses are used to etch selectively both 
hard tissue and soft tissue in dental 
procedures. There exists distinct ablation 
thresholds for hard and soft tissue 
which are dependent on the material being 
ablated for a given wavelength of the 
ultraviolet radiation. Sufficient 
differences in ablation threshold exist for 
enamel, dentin, and carious material, 
thereby allowing dentists to perform both 
hard tissue and soft tissue procedures 
without excess damage to healthy enamel, 
dentin or other pulp structures. 

Detailed Description Text - DETX (6) : 

As an alternative, the rotatable mirror 
16 and lens 18 can be replaced by a 
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curved concave mirror . This will deflect 
the light beam and also focus it. A 
mirror with a coating of a highly 
reflective material, such as Al or a 
multilayer dielectric, can be used. 

Detailed Description Text - DETX (34) : 

it is possible to provide both 
ultraviolet lasers and lasers which produce 
infrared radiation or visible radiation for 
operation on soft tissue. As an 
alternative, a single laser which is 
capable of generating both infrared and 
ultraviolet light can be used. Such a 
laser may be, for example, a frequency 
multiplied solid state infrared laser such 
as Nd, Ho, or Er:YAG, or a 
Ti: sapphire laser, or diode lasers. Since 
it is difficult to provide lenses 
which transmit well in both the UV and IR 
wavelength ranges, the alternative 
structure, i.e., the use of a curved 
concave mirror in place of the plane 
mirror 16 and lens 18 in FIG. 1, is 
preferred when combined UV and IR 
wavelengths are used. Interspersed pulses 
of IR radiation can also be used for 
sterilization purposes. 
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. [57] . . ABSTRACT 

An improved dental procedure and apparatus where 
ultraviolet radiation pulses are used to etch selectively 
both hard tissue and soft tissue in dental procedures. 
There exists distinct ablation thresholds for hard and 
soft tissue which are dependent on the material being 
ablated for a given wavelength of the ultraviolet radia- 
tion. Sufficient difFerences in ablation threshold exist for 
enamel, dentin, and carious material, thereby allowing 
dentists to perform both hard tissue and soft tissue pro- 
cedures without excess damage to healthy enamel, den- 
tin or other pulp structures. 
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. ' n™'at?^-^^°? IS a cphtinuatioaspf Ser;- No; ; "3 applications: such ai^gynecolog^^^^ : ; 

. ■ s ' V ; ■ • -.^^^^ treatment of. gaitromtesti^ 

, , Lasers S^oi>tical,deviceiwhich^p^^^ : m use-ofla^^ . ;/ \ 

- : i narrow , beam 

; • stimuIatingthe.atonformoS 

' ; ' Many types- of lasing malmiasvare k^^ .^^tion of las^ them^ eff^^^ 
. : g^;HquidsandS:.Tlu^ lasers aret^^^^ 

v.: : - maccordant^e with the elemem . .ttie destruction o^^^ ^ 

' ^ . Ught when energized, such as, carbon^oxide, argon, ' for deliverjag . th^, laser pukes mto confined 

; : copper vapor, ^neodymiumKioped/.ytteium^uniinW^ " the moutiu iVanous types of articulated arms i : - : 

: ' garnet (Nd:YAG).crbium,hohmiim, rare rasKaM and, fiber optic dehvery . systems. have been developed 

- ; . : . mixtures, such a^ ArF, XcQ/lCrF (wdmel^ eta, aieJ. 25^ for theserktter purposes; At tWs time/testi^ ; 

: / andritCi:ruby.Ti:sapphircandm^ Jypes of laser.systems m laser:dentistty is: occurring, - I. 

to hunian tissue, the beam ofliihtproducai by where the coinmonly used lasers are the'Nd:YAG I^^ r< 

will be partially absorbed in- a process -which typically CX>2'lasere.holmium] lasers, argon ^lasere .and:erbium^ , . 

: converts the Hght to heat This ^is,used;to change y ''- . < ' . ■ 

' stateof tiietissuefor.purpqse'of fi^ching^orcutti^^ . 

; , V A^^^ procedures^kThe soft tissue pr<^^ ; 

> the dominant mechamsmi^fpr; -cutting br etching ^is a ■= ■ the renioval of ejxess.-or 'disda«^ = y ' - : 

" , " ■ thermal- one. However, in the case of ultraviolet liser i " ' PP^^PW^g ;^ of ; gums, = perfortnihg ^^iopsies, preparing"^< v ' 
, ; ■ pulses ha\^g energy flnmc« m;CT 

:: v dependeiitaipon the wavelength of the radiation aid t^^ Iv 
M ; . :types;of :gum 

v^ vi^ which there is minimal hfeatrtrai^en^ vto^^^^^^^^ 
. / rounding tissues. Instead; 

radiation pulses is primarily .to 
/ \ - energy of the partides^^^ 

:: ; : tissue: being irradiated. This fradknmtal discovery tmd^ ; > :<^tiblet to decay,; removing i stains; ; and,; desensitizing - v : ; 
- . ' its application for both medical and dental purposwiis '-^ H.S: Pat. V;Np; 5,055,048; d^^^ : :.: 

i:: described Blum et alinU-SlPat. "5 / 

: 1;^ ' In th^^ a lasers ' 

: dental W;m^ .'y . . .. 

■ ; ; cred are ,the wavclerigh^ produciDd:by^;t^^^^^^ b liidted to'soft tiw tteat- : : '■■'^■f'-^'Ji 

:„ >;/ laser,'the pulse width of the radiation pul^ / ; ■ ' ments; jsuch as removing and'shaping -guins; iThisiiisiM^^ : ■ > 

, ; F>er ptdse,\^^^ andithe ' j-:^/ P^^ >yavdength of i.06;;microns^^w 

J ; ; ; ; : apparatu? ah^ 

^ - V I viO v*^^^^ to dcHvif a;ik); las^^ toyempye ;hard ti^ : ; • \ 

' ' 1" % precise amount of U^^^ often :hot, as desiraWe'^w^ of-h':r'->i'h-'''- 

J V; ■ : V V anism fpr ;'|cutting is a thenriid bncj or ablative phptodei^ i^'i heatingrj adjacent - tissue! :is -necessary :(aa^f6r/ e3campie > v ^ } ; ^ [. ' : 
. j v. J..;.. / • V ccmposMon^ as can -.beCacldeved. -tto of -gum is to ibfe-reinp ; 

: : L:" ■ > . . pulsed • ultraviolet radiatioiL; r If;: th^e ■ is aJppUcationi'o^ ; . V; hirmingva^ adjacent •tooth);* A CO2 l2|SCT;is moic; ^-S'- % : 

r. ■ 4^ f a^olrptidn-;55: p - 5 

; ' : > -y.. - a^ ^ ; ./sjuted; ito 'hard 'tissue^ liseVbecause ■ t^^ * 

; / needed is vc^ 
! V V'/^r ; jP^^^^?^^ Iii ithe,field p ; /. 

.'- . - ov- -Waye .vi^tadiation,\^since::deUy of f.a,' series vOfpiUscis jttiV- ^gon;''laser.. ojperaiting- -.at;- about^'488i)tt !;ap ;tp' -beY^f^ ' 
V,r; ' : ;P^o^d4« an a^^ ovCT.therinteractip^ ; i 

-"\:<.:. ... ■ sprptionpf lidiatiOT^ sealants' in;!pitstand^fi^ qmckly J - ; ' ■ 

" ^ : tp; more cbnto^ thc.dejjree of ; ; curc retorative mat : V . i ' • 

<.;.daiM«e.^to:si^^ -i^iv'/rte^lcrlM^ 
: ; ; Medical research on the use of lasds hiw been oogc^:: V . t^ h mayibe i ^- ■ 

i V . 'A"'- -^^ f^^ P^y y for '-T . 

:;l .^^^^^^ v:' ;haidV tissue :appli(^^ . • .i 

. .:; : ■ :,*\*jei=?^^^;<^^^^ research effcwt whw ! ' 

_ ^, success^is noted. 
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: ciwuiomv^ intcttsity toA^vU^tooth HwMcb^:^^ the- tjS^C' of idd^^^^ 

! : : • ; v?yerlap/If a^^ 

- TKidjt Means;- }, itexriination by. adv^ bi6logick= ^ 

:;L;;:';::v;:::p[e^ 

; . /.-any ;sou^^ i^^ V^Oieii' human teethWe^.^^ idtraviilei; ■ ' 

. , enc«:siiffi jijjji^, ftomi a laser/abovc^a flucnce; /- i 

particular material of the tooth to ;be irrzKiiatea;^ > inaterial wiDibe ablated froih-the suitece of the' tppthr 
^ ■- <^er.lasOT,are avaikble f^ Mbw/the threshold: ^^gy. fl^^ 

: ;.Qlet'Wavdaigth$, ,for example at 193 nm.. 248 rm; 308;2d , mdved. it has be«n . discovered to - 
, ™; fnd ,351 nm. Sohd. state la«rs5u^ healthHentin, arid carioiis- lesions eac^ " 

^ 1 SlfvA-r ^fi: Visj*>l«: ;lascrs .such ;as energy fliience thresholds for a^^ - i 

/^^^fAG and.^^^^ 'ent abstfrptiokcoeffidcnts whiiivd^W^ 

teristic.dcpthsto:wMch^Uyf^diatioiis^^ 
, ,5,1^,630 descnbes several sdhd state lasers which can -25 /different materials. This .allows the use of a single-UV v 
Sproduce.cohirent radiation f)rScedures 
.... ;me ?ltrawolet fanfee and in&^e^ ^ 
, . ' ::?^^.^n>tionpcakat,about.250'^^ ^ > : : • > / "f^ .V 

V erable to avbi(? lasers providing an : ultrivioli^t output • . r KIGS. 1 and 2 illust^te suitoble.fornis of an appafati ^ ' 

^ncar^this wavelengtlL P used.to deiiver ultraviolet radiation to te^. : 

■ :. . ra^ge^appcM-tobc^^ 1^ ii pulsed ultraviolet laser: ^^^^ a- - : 

, : '^^^^ on-t^^ 
unique ablation chaiactcrisdcs of jttie'^)ecific mat«ial;.i. 400 ilk JUre gas halide exdmer lasers "can be used as ^ 
. - .^ameUdpntin and carries) bd^ theradiatibn souid; for jididding ultrawolet outputs at ' = - 

. , sy^ms can also be use4 to alert the dentist aboijt 35 :193 ?mn (ArF), i248 nm<(KrF); 308 im (XeO); and 351- 
, , - the presence (rfharmful Hokjgical contaminants; audio ' im (X^.^ Additionally; a. soHd; stkie laser «ach. as. a. ' ' 

, control the fUy laser pulse, rei>etition irate to ensure;; frequency-tripled NdiYAG can. beiiised to.proWde an ^ 
, ^ pauent comfort ..^ J v s putpiitat 355 nm..iri; order' to. be able to.bl^^^ 

. . Tli(^, and" other :obj«:ts;^ features,; andt advantages. : beam 12 on demari^.a diutter 13 is.provided. A beam . ' 

mU:be. appaxOTt;fn>m the following more pMticularr40fhom^^ provided to ensure tiiat- - ; 

. : desOTptipn of^^^^^ 

4 applying suitable pulsed ^traviolet radiatiohicm a tooth; '45 ;;be compriseij of a sen^ of IciisK (Y.iOca^ al ibidY^^ <' ' 

: ■ i , oiit'intenki^ t ' ' 

fofiperforining.l^^^ dentistry: in, a^ eiiminkting-horspots^^ . . 

■ V' VfiJ^Ti?^^ J^^^^^^ thra r&omhinea t6:OT^ more.< ■ . 
PCT pulse forfljeabl^^ 

: / i i^.a. P!9t;Ot€»<^^^^ :whida h is refl&ted td.a ie^ '.: 

^o^,.;:.^ra^^apO?:nm^:^ 

t^^^ T- . V ■ - '^ ' ' - ■ =■ ■ ■ ; ' t^ted-as is¥s«.tion of arpi^^^ 
'T: Wm: c^mbm^ energy :jauimc^:yereus:'\; «ui be lo- ' " 

V- ;et^:dep&..per:p«^ 

:;.;.i,^jand-<anpus-TO^ " .-A/'V -^^a:-'-::' ^"-^^ 

c^on scale to fabl^tate, comparison . 6f.^^ can .bejteplaeed by. i cirvcd fw)hcaW'yiTDr;-^ will V: ^ 'l 
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; : r -,,-,.^:r^^f^K>^;^u^iiyi lyi - Wi^ua* tmaienai,\^ QCDun rwiiz. oe> ; v ing ^apatmma an energy -JElueace of . 2.3 ^ v^' ^ 

: ablated' wdl; as carious-mteriaJ; but;' ^ j/CTi2:(308 iim); weU. bdow: the. tKresIiold fluencelfdr^v . • - 
-. ' ' that is;ablat<^ :wm^^^ less' than thkt^^ * ablatirigrenameli Additionally,^ an energy flti^e:pf 213 i.^ 

; .i»fison; FIG: 6 illustrates the,diiEfercnt uicsl^ the more; pronounced poppm^'sound'i^d ' 

; : / ^^^. S?^?^^^ ?^^^ .i; orange jet signatur^. .,^ \ ; - - . . .7 , / 'v ! - . , 

. ^siv^y abkte healtty dentin ^ben it as^dcsircd to remove.::; olds . Icssr. than ifae^ ablation Ittiesboliufor^dmtijcL^.'^^ ; ■ ' >' 

. w :.9aiip«S D^terial, a Vsjg^^ the:tubuIe-is'rOTOYed:y^ i ' ' . r 

,v ; ,tthe:;detttist':iiie nature ol' tibi?: !^ abW- ' ' ' 
, . ^ ; A^v^:thethreshold;flufence^f^^^ aaoiui . popping ^tiori -tedmiqiie may therefore asast in idesensitizing: / 

-"'t.- .^^d;-will hcard>^ac^ - , ■ •-..vy.; ;-. J ;v;--' 

f V ;,:P!W^-^^^' 2^ ioted; ottier w^velen^ 6an i^^ ^ - ? 

V ?^^yf^ M healthy.dratin is exp^ .:seiectfoiif of; 30!$;nm forMe;:ex ' < 

; ; ; r.pulsca.; the popping because o was bksed on the^tence ofof^tical : > 

. ^ tbe^ambimt of material.beM^^^^ \ fiber.deiivefy systenis-for SOS'W radiatit^^ . f ^ 

^ ^ • V^^^:,^ indicationJof thc:matenal bcm f . 35 , cal.iibers'bdngjcapab^ energy ^ ^ • ^ 

: ; ; ;,Pnc;\i%y t6:^ fbr: materials aiktion:^ J^^: 

■ «?«rgy per unit volume must bcdepo^tediipi theinafe^r:; v suitable.: foi=ot>ti(^rfibTO^ 'are^the .v - --^^ 

i ; , ::nal;.tp,tum k^^^^ ind;. : : Mowings quartz,. fusedlsi^ ' ' 

,.bloyi^utpf the, etched hoie;^^ j , " maWridlsuitabte'fdif appHcation^w^ uitraviold: i . \ ^ 

. : rbe suffipiently lugb.that the aiergy;per;unif qfuarte, calcium ^ : = 

^^ ; V ^*>^v^^t^«/^ttie;mwham^ : f.^A 1 1 

j: terizedvas -thema^ \ '.^^ 

y ; ^^ii^:breaking;isrwt^g^ ^v; * Tliisia^isys^ 

/ 5 ;an,fyiK!S, !v fromt^vInalibstaU^^^ v vl,; ; ^ 

'^^'^^S^^tl^ilsiusedii^ 
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•:>s^cient^tt^ 
;^p(;mirradia^ 

' Width IS tcto izreaL the ahlfltiow^^ 



: ' r :; ^ ^'^^ tfee t^ cause dentin- tubuie^^ - 

s :0 • ;a n^^^^f^ toienbiiceifluon^^ 

v/:;:i{:^:V-7.:;i:;iett«^^ 

:r,r^C9C^panyi^ 
^^rcmaMti?!^ 
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. nia^^ ^Mig ablated, -different rstrengtla of ;4c ; ; ;;mtiQii\^ are described in an article by David R. f . : 

orangeicolor :>wil appear, providing idifferat.i wave- Vol^^'^ / 

. .;lCTgths.imd/ormtct^ This return-: v. lime'dEi^:^^^^^^^^ 1992, aVpage 9G3^^ T^^ V-. • ■ 

; agnal reQects froni mirror:56^^W liyer mc^^ sent down the fibCT ftoin the^^^^' . ? 

, . Dep<Midmg ^ixm: the c^lor sigaaturev of the Vplume;;:a;..5 ; Ias^:6(6. llie imdunt of mb^^ Hght - ^ 

, signal IS provided, to the lasCT output, control unit 62. i;. from;the,area surrounding the irradiated regionJO caii: • ' . , ' ' . 

C^ntol umt 62 p?o>Tda a signal to laser ,46^ 

S ^S^k'!^^^ '!P^*^^on.;ate. e^^^^^^ 

dance'.with.the.type^ of mate^d^to^be. ablated ' " r- :k:.-r. v ;:-vy. - '.V:'.. 

• i'^^^.^^X^'^^^^^ .iioi'rof. temperature .andUorpre^^^ - 

- adjusted as soon as the-detector/aaalv . ^ O^*^^^ . 
: Va^differeht material is being ablated frL rSorsOn^^ amountrthis. . 

:the,tooth52.Dekyuni?^c^4o^ would lngger.a feed^^^^ r 

■-:>d«igncdtouseAefiistfe^ . : 

• sis. of the^matciial -being lablated. AJfe: andysj^e v the fiber. 74^, be^.^ to couple^^xadiatoon^of- r 
. control unit.62 would 4ust laser 46 to ^tthe^^ to^^the :;det«:tor.76>The. 

energy of the UV laser pulses. " 20 ^^^^^^g*^ *>?^S will , depend on how the. . 

To/provide control using the signiiture poppiiig ■ ^y^!^ dedg^ed, i.e., what type ofsignature the sys- 

sound,asmallacx)U3tic sensor 49. or fi^^ . tem^ attemptmg ta locate and d^^^^^ • ; 

,j«nsor orfiber optic ihicrophone is located at thc^d 

fiber5«/toaUowittobeclosetotooth52.SensOT49is Z ^^^^^P^^ 
: a transducer which provides an electrical sigMl thai is -25 ^.'-^ :used, Also, a bifurcated fito cani-be used in- ^ 
: sent to . the- analyzer .60 -a^ : : which the fiber is;q>m 

: feedback control is the same, as that descri^ tiami^itted through one jwr^^ 

- above: ; V ' ^ >, ' . - . ' is coUected through ianOther portion.'; - . . ..^ ' 
. 'FIG, 10 ihematically iUustratcs^ appa-,// ; T^^^'d^ to be sensitiye to ther; / : 

';; ;ratus which; cii :bevi^ - 
:. rencc: of biological : contjaiunation,:su^ intenaty ,%p;: Suitable^ - , v 

' HIVi -etc/ In^ opticvbicwensbr is i ,><ietectois Jndude^^^,^^y diode - arrays : ^ 

used to provide recognition of biological condition^ in^ ! coupled devices, photomultiplier tubes, etc: . ; 

tiiie paticiifs mouth; For examplcj^ - ^ U.S. Pat Nq; 5407,516 describes ; a; spectroscopics , 

ii isor detects, the presence of a selected ^v^ inatc- 35 fcedbadc system ^utilizing two lasers wherein resonance . 

rial beingiabktcdfiom the tooth, a feedback signal can ; Suorescence radiation is used^^ to 
; automatically stop the ablation laser, or trigger the the system of that ; 

, :abIation laser to operate at n lower powCT in order to pateiit, the distinctioi^ to be detected^^^m 
■ provide ageimiddal effect in wMch the unwanted viriis^^;^ 

is destroyed or minimized, while not causing further 40 with la- 

ablation of the tooth (and therefore stopjping the pro- ; ®^ ip medical applications and; dentistry mclude D; R. 
ductionof additional airborne biological contaminants). Wyman ct al., Proccctiings ofthe lEEEi Vol. 80, No. ;6, . , . . 
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